Polyfluoroalkyl anions, generated by reduction of (polyfluoroalkanoyl)piperidines with Et 3 BHK, were used for the polyfluoroalkylation of carbonyl compounds. Trifluoromethylation of aromatic aldehydes proceeded in good yields, and that of aliphatic aldehydes afforded a moderate yield. In contrast, the yield was low when the reaction involved benzophenone. Pentafluoroethylation and octafluorobutylation of aldehydes were also carried out by using the corresponding (polyfluoroalkanoyl)piperidines, which were prepared from commercially available polyfluorocompounds. The (polyfluoroalkanoyl)piperidines were also prepared through polyfluorination, and were used in the polyfluoroalkylation of aldehydes.
INTRODUCTION
Nucleophilic trifluoromethylation of carbonyl compounds has been widely performed to obtained in good yield (Entries 1-5 in Table 2 ). From adamantane-1-carbaldehyde that has no -proton, the trifluoromethylated product was obtained in 60% yield (Entry 6). In contrast, the reaction with cyclohexanecarbaldehyde that has -proton, afforded an aldol reaction product as the main product.
However, when the reaction was carried out in CH 2 Cl 2 instead of THF, the trifluoromethylated product was obtained in 45% yield (Entry 7). In the reaction with benzophenone, most of the starting material remained unchanged (Entry 8).
As various (polyfluoroalkanoyl)piperidines are obtainable from commercially available polyfluorocompounds, the present method is applicable to the various polyfluoroalkylation of carbonyl compounds. For example, N-(pentafluoropropanoyl)piperidine (1b) was prepared from methyl pentafluoropropionate 7 and was used for the pentafluoroethylation of 1-naphthaldehyde. The reaction proceeded similar to trifluoromethylation, and the pentafluoroethylated product (2i) was obtained in high yield. N- (2, 2, 3, 3, 4, 4, 5, piperidine (1c) was prepared from commercially available 2,2,3,3,4,4,5,5-octafluoropentanol in three steps [7] [8] [9] and was used in the reaction with 1-naphthaldehyde.
The reaction of 1c with aldehyde was sluggish and the octafluorobutylated product 2j was formed in poor yield under the trifluoromethylation conditions. However, 2j was obtained in 61% yield by carrying the reaction at 40 °C for 24h using 4 equivalents of 1c and KBEt 3 H to 1-naphthaldehyde without solvent (Scheme 2).
(Polyfluoroalkanoyl)piperidines can be also prepared through polyfluorination reactions. For example, methyl 2-(arylsulfanyl)-2,2-difluoroacetate (3) was prepared by difluorination of methyl 2-(arylsulfanyl)acetate using IF 5 -Et 3 N-3HF, 10 and then converted to N-2-(arylsulfanyl)-2,2-difluoroacetylpiperidine (4). 7 The reaction of 4 with an aldehyde was performed as in the case of 2a, and the (arylsulfanyl)difluoromethylated product (5) was obtained in high yield (Scheme 3).
Methyl 2,2,3,3-tetrafluoro-3-phenylpropionate (7) was prepared from methyl 2-(arylsulfanyl)propionate in 74% yield by using our recently developed method, 11 and the resulting 7 was converted to the amide (8) . 7 Although the reaction of 8 with aldehyde was sluggish, the expected polyfluoroalkylated product (9) was obtained in 60% yield by performing the reaction at 40 °C for 24 h using 4 equivalents of 8 and KEt 3 BH to the aldehyde (Scheme 4). 
Preparation of N-(polyfluoroalkanoyl)piperidine
N-(Polyfluoroalkanoyl)piperidines were prepared from the corresponding ethyl or methyl polyfluoroalkanoate with piperidine according to the literature. 7
N-(Trifluoroacetyl)piperidine (1a)
IR (neat) 2945, 1691, 1193, 1128 cm -1 . 1 
N-(2,2,3,3,3-Pentafluoropropanoyl)piperidine (1b)
IR (neat) 2947, 1684, 1175 cm -1 . 1 
N-(2,2,3,3,4,4,5,5-Octafluoropentanoyl)piperidine (1c)
Ethyl 2,2,3,3,4,4,5,5-octafluoropentanoate was prepared from 2,2,3,3,4,4,5,5-octafluoropentanol according to the literature, 8 
N-2-{(4-Chlorophenyl)sulfanyl}-2,2-difluoroacetylpiperidine (4)
Methyl 2-{(4-chlorophenyl)sulfanyl}-2,2-difluoroacetate (3) was prepared from methyl 2-{(4-Chlorophenyl)sulfanyl}acetate according to the literature, 10 and converted to 4 according to the literature. 7 N-(2,2,3,3 
-Tetrafluoro-3-phenylpopanoyl)piperidine (8)
Methyl 3-phenyl-2,2,3,3-tetrafluoropropionate (7) was prepared from methyl 2-{(4-chlorophenyl)sulfanyl}propionate in three steps according to the literature, 11 4,2,8. 2,2,2-Trifluoro-1,1-diphenylethanol (2h 2,9. 2,2,3,3,3-Pentafluoro-1-(naphthalen-1-yl) propan-1-ol (2i)
The reaction was carried out as in the case of 2a using 1b and 1-naphthaldehyde instead of 1a and benzaldehyde, and 2i was isolated by column chromatography (silica gel, hexane:CH 2 Cl 2 =4:1) in 89% 2,9. 2,2,3,3,4,4,5,5-Octafluoro-1-(naphthalen-1-yl) 
4,

4,2,10. 2-{(4-Chlorophenyl)sulfanyl}-2,2-difluoro-1-(naphthalen-1-yl)ethanol (5)
The reaction was carried out as in the case of 2i using 4 instead of 1b, and 5 was isolated in 90% yield by column chromatography (silica gel, hexane:CH 2 Cl 2 =4:1). Oil. IR (neat) 3434, 2931, 2857, 1276, 1166 cm -1 . 1 atmosphere. The mixture was stirred at 40 °C for 24 h and then 30% aqueous H 2 O 2 (2 mL) was added at
